Introduction
One significant potential challenge in patients with metastatic breast cancer is the development of brain metastases. Brain metastases develop frequently, and outnumber the occurrence of primary intracranial tumors nearly 10:1 [1] . Nearly one third of all cancer patients will develop brain metastases during the natural history of their disease, totaling an annual occurrence in the US of approximately 170,000 new diagnoses of brain metastases. Brain metastases most commonly have origins of lung (50-60%), breast (15-20%), skin (5-10%) and gastrointestinal tract (4-6%) [2] . Breast cancer metastases to the brain occur in approximately 10-16% of patients diagnosed with primary breast cancer, and often presents Abstract Objective and Importance: Metastatic disease to the brain from breast cancer can be treated with multiple modalities. Determining effective therapies for select patients with brain metastases is critical to maximizing survival and quality of life. Stereotactic radiosurgery (SRS) can be an effective option for select patients with brain metastases, and is highly targeted with rapid fall-off of radiation dose outside the treatment zone. The following case illustrates the potential use of multiple Gamma Knife Radiosurgery (GKRS) sessions for a patient with metastatic breast cancer. In this specific case, repeat treatments led to prolonged survival and improved quality of life for a patient with multiple intracranial tumors from metastatic breast cancer.
Clinical Presentation:
A 45-year-old woman presented to her primary care physician after an abnormal mammogram finding and worsening right hip pain. A breast biopsy and subsequent diagnostic imaging revealed metastatic breast cancer with metastases to her right femoral head, liver, and brain. She underwent GKRS for the three cerebellar lesions that were noted on MRI. Subsequently, she underwent additional GKRS treatments on 3 separate occasions for treatment of new lesions.
Intervention:
The initial GKRS treatment targeted three lesions in the right cerebellum with 22 Gy to the 48% isodose line. Ultimately, she has been treated four times with GKRS for eight lesions and has received multiple systemic chemotherapy treatments for extra cranial disease. She is currently doing well at her 21-month followup, and is continuing navelbine.
Conclusion:
A variety of treatment strategies are available and tailored treatment is necessary for each individual patient with brain metastases from breast cancer. This case report describes brain metastases from breast cancer. This case report describes the time-course and favorable treatment outcome for a patient with recurrent breast cancer known brain metastases who underwent 4 separate GK treatment sessions along with systemic therapy. In this article, we discuss the clinical course resulting in extended survival of a patient with brain metastases from breast cancer. This was achieved because of an initial small intracranial disease burden, and because of close follow up with imaging and four sequential Gamma Knife radiosurgery (GKRS) treatments as well as aggressive systemic chemotherapy treatment for her extra cranial disease. At the time of this report, she is alive with an excellent performance status and continues to be followed by the clinic 21 months after diagnosis of brain metastases.
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Case Report
We present the case of a 45-year-old woman who initially presented to her primary care physician with complaints of joint pain, a recent history of "migraine headaches and dizziness", and an abnormal finding in her left breast on routine mammogram. A breast biopsy with subsequent lymph node dissection revealed ER/PR positive and HER-2 negative breast cancer and follow up staging studies including a PET-CT revealed multiple metastases to the liver and right femoral head. A brain MRI scan also revealed three cerebellar ring-enhancing lesions consistent with metastatic breast cancer. There was minimal mass effect, little vasogenic edema, and the largest of the tumors was 7 × 7 × 8 mm in size. She was referred to a radiation oncologist for a consultation and both whole brain radiotherapy and GKRS were discussed as possible treatment options. After discussing the risks and benefits of each treatment strategy, she decided to undergo GKRS and to initiate systemic chemotherapy. The patient was started on chemotherapy with doxorubicin and cyclophosphamide, followed bi-weekly with paclitaxel. She completed ten of the twelve planned treatments of paclitaxel before she developed an unacceptable sensori motor toxicity reaction and was forced to discontinue. She was also started on leuprorelin and dexamethasone shortly after her initial diagnosis. Approximately two weeks after diagnosis of the brain metastases, the patient underwent GKRS using a Leksell Gamma Knife Model C machine. On the day of 2-3 years after the initial diagnosis [3] . As new chemotherapy agents and other novel therapies lead to improvements in systemic disease control and improved overall survival, the frequency of the diagnosis of metastatic disease to the brain has been increasing [4] .
Early studies frequently grouped all types of brain metastasis together when measuring survival outcomes [5] [6] [7] . Radiosurgery outcome studies are now further subdividing and investigating clinical outcomes based on tumor type and genetic mutations. Previous studies have revealed that specific breast cancer histology can influence the incidence, prognosis and median survival of patients [8] . Breast cancers with the genetic subtype triple negative (cancers without cell receptors for estrogen, progesterone, or HER-2) and the HER-2 subtype are associated with earlier development and more aggressive progression of metastatic disease to the brain [9] . Both of these cancers have a reported shorter median survival after brain metastasis: 4 months for triple negative subtype and 8.3 months for HER-2 subtype [10, 11] . Other factors affecting prognosis are age, presence and location within the brain of multiple metastatic sites, tumor grade, and tumor metastasis size.
Treatment options for brain metastases are palliative in nature and include corticosteroids, surgical resection, chemotherapy, whole brain radiation therapy (WBRT), and stereotactic radiosurgery (SRS) [12] . For each clinical situation, a single modality or combination of modalities may be utilized. Depending upon the specific clinical scenario, WBRT or stereotactic radiosurgery (SRS) can be utilized as a monotherapy or in combination with one another. SRS is an effective treatment for brain metastases and in recent years has become more commonly utilized as a monotherapy and as the primary modality in many clinical situations. SRS allows for acceptable local tumor control when compared to surgical resection, and improved neurocognitive function when compared to whole brain radiotherapy [7, 13] . In order to reduce the risk of late radiation toxicity and potential neurologic defects, SRS is increasingly used as a standalone treatment for patients with a small number or volume of metastatic growths [14] . treatment, her Karnofsky performance status (KPS) score was 80. A total of three lesions were treated with 22 Gy to the 48% isodose line ( Figure  1) . She tolerated the procedure well and her one-month follow-up MRI showed local control of all three tumors (no appreciable increase in tumor diameter on MRI scan), with a mild decreased size of the smallest (Figure 2 ). In addition to Gamma Knife (GK), the patient also received palliative external beam radiation to 3000 cGy in 10 fractions to her right femoral head and proximal femur, and subsequently underwent a total right hip arthroplasty due to a pathologic fracture.
At four months post-treatment, the patient returned for routine follow-up and imaging. Her brain MRI was stable except for minor growth of a small occipital lesion (from 1mm to 2.5 mm diameter) that had been noted as suspicious 2 month prior but previously not treated. This new lesion was treated with GKRS at this time (2 nd GKRS treatment), which was tolerated well, and did not have evidence of recurrent disease in her brain for another 10 months on surveillance MRI imaging. MRI scans were obtained at 8-12 week intervals over this time frame for surveillance.
Fourteen months after her initial diagnosis, the patient experienced a return of neurologic symptoms. She described headaches occurring 4-5 times per week, and a sense of mental "fogginess" that she recalled feeling previously before her first GK treatment. Her MRI showed growth of an additional three new metastases, ranging from 2mm to 1cm in diameter. She again underwent GKRS for these lesions (3 rd GKRS treatment). At the same time, her systemic disease had progressed with multiple new metastatic lesions in her liver, an extensive recurrence that was thought to be seeding her newlydeveloped brain lesions. 
At the time of her last known follow-up at 21 months after her initial diagnosis of cancer and diagnosis of brain metastases, her systemic disease had recurred. While recent PET/CT scans showed no signs of further bone recurrences, her liver disease had produced evidence of new metastases. She continues to be a good candidate for chemotherapy and has been started on vinorelbine.
Despite her aggressive past therapies, she continues to live independently and is largely pain-free. This case demonstrates that an acceptable quality of life can be maintained for select patients with multifocal and extensive and recurrent brain metastases from breast cancer by offering multiple sequential SRS treatments.
Discussion
Brain metastasis clinical prognostic factors affecting treatment
In 1989, several key prognostic factors for patients with metastatic cancer to the brain were identified by the Radiation Therapy Oncology Group (RTOG) and associated with increased survival. These four factors include Karnofsky Performance Status (KPS), presence of active cancer systemically (outside of the brain), age, and extent of metastatic disease [5] . The authors of the study reported that patients who had a KPS score of 70-100, absence of active systemic disease, age < 60 years, and metastases limited to the brain had a 52% predicted probability of surviving 200 days. Furthermore, patients with three of the four positive factors had a 33% chance of 200-day survival. These factors and their prognostic ability were confirmed in 1997, with publishing of a recursive partitioning analysis (RPA) including classes I, II and III to group patients by prognosis [15] . These classes can have statistically significant differences in overall survival rates from one another and the reported clinical factors have found that survival differed significantly between Classes I, II and III (28 months, 13 months, and 3 months, respectively; P = 0.0001).
The prognostic factors identified by the RTOG have been shown to be helpful in treatment decision making. The patients with the been shown in multiple studies to be prognostic. As an example, in 2007, Niwinska et al. looked at survival in 31 breast cancer patients with 1-2 brain metastases and found that RPA class was the most significant prognostic indicator of survival [16] . Furthermore, they best overall survival are those who exhibit the factors previously described, as well as those who have a limited number (and limited tumor volume) of brain metastases. When an SRS boost was added to WBRT, a study by Gasper et al. found a survival benefit in patients with an RPA Class I [15] . This study also found a survival benefit in patients with a single brain metastasis. Retrospective studies have not found a significant survival benefit to adding an SRS boost to WBRT for patients not in RPA Class I, but recent studies indicate local control has been found to be improved with SRS [5, 17] .
Histology and breast cancer occurrence and survival
Breast cancer remains among the top three cancers with the highest incidence of metastasis to the brain, along with non-small cell lung cancer (NSCLC) and melanoma. About 40% of patients with NSCLC and nearly 50% of those with metastatic melanoma (< 2% of all melanoma cases) will develop brain metastases, while approximately 30% of patients with breast cancer will develop brain metastases [7, 18, 19] . Prognosis remains poor for all patients diagnosed with brain metastases, with average survival rates reported under 12 months. Survival rates have been found to correlate well with the previously discussed RTOG prognostic factors, but can vary somewhat for cancers of different tissues of origin. NSCLC, for example, generally has an average survival of 7 months, while melanoma can have a median survival ranging from 4-7 months [16, 17] . Untreated, breast cancer brain metastases has a median survival of only 1 month, but current treatment regimens can extend that to 2.5 months with steroid treatment alone and up to 12 months with surgical resection and radiotherapy [20] .
Histology and breast cancer subtype play a role in overall occurrence and tendency to metastasize to the brain. Although ERpositive and HER2-negative subtypes may have an occurrence of metastases in 5-10% of cases, other subtypes have a significantly increased likelihood of developing brain metastases [21] . For example, triple negative and HER2-positive subtypes, although representing a minority of breast cancers, can have brain metastasis occurrence as high as 20% and 25-50%, respectively [22] . This remarkable difference between subtypes has been hypothesized to be linked to better control of systemic disease, particularly for HER2-positive subtypes by use of the targeted therapy trastuzumab [23] . Overall, the incidence of clinically determined BCBM may be much smaller than the true incidence, including brain metastases with no appreciated neurologic symptoms. A retrospective study by Niwinska et al. looked at a group of 222 breast cancer patients with brain metastases divided into three biological subgroups: HER-2 Positive, luminal, and triple negative [24] . They assessed patient survival based on the biologic subtype, recursive partitioning analysis class and the use of systemic treatment after WBRT. The results of the study showed that RPA class had the most significant prognostic effect on survival (as mentioned above), but that median survival differed between the biological subtypes as well. The authors found that triple negative subtype had the shortest median survival at 3.7 months, followed by HER-2 positive and luminal subtypes, at 9 and 15 months, respectively. From their results, the authors were able to conclude that HER-2 positive and triple negative subtypes have an increased occurrence of brain metastases and that performance status was a key prognostic indicator of survival.
Side effects of SRS
As with any brain directed therapy, SRS has benefits and side effects associated with its use. It allows for minimally invasive treatment of small/deep lesions, it is an outpatient procedure, it allows for treatment of multiple lesions during the same session, the recovery time is usually less than 1-2 days, and there is the potential avoidance of the neurocognitive side effects from whole-brain radiation [7] . The main risk of radiosurgery is a small risk of radiation injury to surrounding brain tissue and treatment related changes such as tissue edema (which in some cases can lead to a treatment related change in the enhancing region on brain MRI that appears similar to progression of disease) [25, 26] . Pseudo-progression has also been reported in patients treated for recurrent glioblastoma multiforme with SRS and temozolomide, with 13-32% of patients exhibiting some degree of pseudoprogression [27] . Minor adverse effects of SRS range from common complications such as screw-site soreness, tissue swelling, and headache from head-frame placement [2] . There are also side effects associated with the use of corticosteroids, such as dependency, psychosis, diabetes, insomnia, weight gain and immunosuppression. Many of these side effects of treatment are present in WBRT as well as SRS, although unlike WBRT, SRS has not been associated with as high of risk of treatment related neurocognitive decline [28] .
SRS and other treatment options
The role of SRS in conjunction with other treatment modalities (such as whole brain radiotherapy) for treating one or several brain metastases remains a subject of ongoing research study and clinical decisions should be tailored to each unique clinical situation. There is no clear evidence that surgery plus WBRT improves survival over treatment with SRS with WBRT, according to a randomized, controlled trial by Kocher et al [21] . In addition, clinicians are wary of the reported potential side effects of WBRT, such as longterm neurocognitive decline [12, 29] . Surgical resection can plan an important role in some clinical situation (where large tumors are causing shifting of intracranial structures or a pathologic diagnosis is needed), but surgery is not always a possible on tumors that are within or in close proximity to critical structures such as those that control speech, language, sensation or motion. Welzel et al. observed neurocognitive decline in patients who received WBRT for brain metastases, and preferred the option of salvage treatments with SRS for recurrences until WBRT was deemed necessary [30] . Advocates in favor of WBRT in combination with SRS argue that the neurocognitive defects caused by the higher recurrence rate of brain metastases associated with SRS treatment alone can in some situations be more severe than those caused by WBRT. A recent randomized trial by Brown et al. has disputed this fact, stating that initial treatment with SRS and close follow-up (with retreatment with SRS or WBRT as needed) is preferred to initial WBRT in patients with one to three metastases [28] .
Conclusion
This report illustrates the potential for an extended overall survival and acceptable quality of life for select patients with brain metastases from breast cancer who are treated with multiple sequential GKRS sessions. For this select case, treatment was accomplished with close follow up at 2-3 month intervals including brain MRI, and repeat SRS was offered when new brain metastases were diagnosed (a total of 4 GKRS sessions were completed). In addition, she underwent a sequence of systemic therapies for her extra cranial metastatic disease. GKRS treatments produced symptomatic relief with good duration of local control and were shown to be well tolerated with each sequential treatment. She continues to be followed clinically and is able to live independently with an appreciable quality of life.
